The Caledonian fold belt
This thematic set of nine papers focuses upon major problems in both the older part of the Caledonian fold belt of Scotland found north of the Midland Valley terrane (Fig. 1) , and in the Dalradian inlier of Connemara, western Ireland. Although the Connemara inlier is located within the inferred continuation of the Midland Valley of Scotland, the Dalradian rocks of the inlier are linked stratigraphically and structurally with the Scottish Dalradian. The timing of events in Connemara is therefore of direct relevance to an understanding of the timing of events in Scotland, and of the Grampian orogeny in general.
Although the Scottish Caledonides only occupy a narrow zone some 70-200 km across ( Fig. 1) , they have been a fertile ground for the growth of new ideas and techniques for over a century. Some of the major advances in basement geology have been made here. These include the classical demonstration of a major overthrust, the Moine Thrust (Peach et al. 1907) ; the establishment of Barrovian regional metamorphic zones by Barrow (1893) ; pioneering structural and stratigraphical syntheses by Bailey and his co-workers (Bailey & McCallien 1937 , and references therein), including the early use of way-up structures in metamorphic rocks (Bailey 1930) ; the first demonstrations of polyphase deformation by Clough (in Gunn et al. 1897) and Ramsay (1957) ; and the introduction of the concept of structural facing by Shackleton (1958) .
Despite this pedigree, and decades of detailed field and laboratory work which have earned the Scottish Caledonides the accolade of being one of the most intensively studied fold belts in the world, we find that we are still unable to answer the most elementary questions, such as: + when were the major rock units deposited? + have they been affected by one, two, or even three orogenic events? + how old are these orogenies? + and, if exotic terranes are involved, how many were there, and when did amalgamation take place?
Thus the Caledonides are currently the focus of surprisingly fundamental disputes. At the heart of these problems is the lack of chronostratigraphical control; the difficulty in recognizing orogenic unconformities in rocks which have subsequently been highly deformed and metamorphosed; and the difficulty in relating radiometric mineral ages to structural and metamorphic events. Our present inability to resolve these conflicts in the Caledonides seriously questions our understanding of the evolution of other fold belts that are less well documented, and that also involve Precambrian rocks. Similar problems associated with recognizing and defining an orogenic event have been recently reviewed by Gray & Foster (1997) , with respect to the Lachlan fold belt in Eastern Australia. In the papers making up this thematic set, the usage of certain terms is as follows: 
Current models for the Caledonides
Four main stratigraphical units are involved, which from north to south in Scotland ( Fig. 1 (Fig. 1) , is not included in this review as no new work on the complex was presented at the meeting.
As a focus for discussion, we can identify three generalized models which have been proposed by different authors (but not necessarily in this form) to explain the relationships between various of these four units within the Scottish and Irish Caledonides.
(A) The simplest model is that espoused by Soper & England (1995) in which the Moine, 'basement group', Grampian Group, and Dalradian units were deposited in a southwardpropagating sequence of rift basins, which were then deformed during a single orogenic event of early Ordovician age (the Grampian orogeny). U-Pb ages of 800-850 Ma from metaigneous rocks and migmatites within the Moine and 'basement group' rocks are considered to relate to high heat flow associated with the syn-depositional rifting events (Soper & England 1995; Soper & Harris 1997) . In this model, the Dalradian sequence is considered to continue up into the Cambrian, and even possibly the Lower Ordovician (Molyneux 1998). Detritus from the uplifted orogenic welt is inferred to be present in the rocks of Caradocian age in the Midland Valley and the Southern Uplands of Scotland (Hutchison & Oliver 1998) .
(B) In the second model, Neoproterozoic (800-850 Ma) orogenesis affected both the Moine and 'basement group' rocks. The Dalradian sequence, which includes Grampian Group rocks at its base, continued up into the Lower Cambrian, and was deformed for the first time during the Ordovician. A so-far undectected orogenic unconformity is required between the Dalradian and underlying rocks. The Highland Border Complex is divided into a Cambrian part continuous with the Dalradian (Harris 1962; Tanner 1995) , and an Ordovician part which was probably exotic.
(C) According to this model, the Moine, 'basement group', and all of the Dalradian rocks stratigraphically below the Southern Highland Group, were affected by two separate contractional orogenic events, during the Neoproterozoic (800-850 Ma) and Ordovician (470-510 Ma). The Southern Highland Group was probably affected only by the Grampian event, and the Cambrian to Upper Ordovician rocks of the Highland Border Complex formed a separate exotic terrane which docked with the Dalradian block in late SilurianDevonian times (Bluck 1985) .
The present situation
The focus of this brief review is upon the recent data, and especially that presented in this volume; the reader is referred to the individual papers for an historical background and for further details of the matters mentioned here.
Moine Supergroup
These rocks are generally considered to have an unconformable relationship to Archaean-Palaeoproterozoic Lewisian (Friend et al. 1997) . Most workers are agreed on the overall stratigraphy and structure of the Moine, but problems arise over the absolute timing of the various events.
A series of discontinuous sheets of S-type granite, associated with basic intrusions, cut the Moine rocks on a regional scale. They have been subsequently deformed and metamorphosed to form the West Highland (or Ardgour) Granitic Gneiss. At Glen Doe, where these igneous rocks occur in the regional 'flat belt' and were least affected by Caledonian deformation, they are accompanied by a suite of MORB-like basic dykes. Millar (this volume) has obtained an age of 873 6 Ma from a gabbro body which cuts the granite gneiss protolith in this area. He concludes that, on balance, the entire igneous suite was emplaced in a pre-tectonic, extensional regime. However, this conclusion has to be reconciled with an identical U-Pb age on zircon of 873 7 Ma obtained by Friend et al. (1997) from the Ardgour Gneiss, which these authors interpret (following Barr et al. 1985) as being the time of the contractional D1 (Knoydartian) deformation. These two conclusions are incompatible unless the intrusion, deformation, and early metamorphism of the igneous complex all took place within 13 Ma, i.e. within the maximum combined error on the two determinations. Participants in the Highland Field Workshops (Soper & Harris 1997) concluded that the field evidence shows that the basic rocks cut the West Highland Gneiss, and that both were affected by all of the deformation phases affecting the Moine country rocks.
Two recent independent studies provide evidence for the existence and the age of the Knoydartian Orogenic event, long since considered to be >750 Ma in age by Piasecki & van Breemen (1983) . U-Pb dating of monazite from the Ardnish and Sgurr Breac pegmatites in Morar gave ages of 827 2 Ma and 784 1 Ma, respectively (Rogers et al. 1998) . These pegmatites were considered by Rogers et al. to have formed during shearing which accompanied garnet-grade regional metamorphism, following at least one episode of deformation. This structural interpretation has been challenged by the Highland Workshops (Soper & Harris 1997) with respect to the Ardnish pegmatite, which they conclude pre-dates all of the deformational events at that locality. The second example is reported by Vance et al. (1998) who have obtained Sm-Nd ages of 820-790 Ma for garnet growth in the Moine rocks in the Morar area within <17 km of the Ardnish locality. These authors conclude that the calculated P-T conditions for garnet growth (with P>11 kbar), together with the inferred P-T path, can only have resulted from crustal thickening during orogenesis. Taken together, these studies would appear to show that a major tectonothermal event took place in the Moine rocks at around 800 Ma ago.
The effects of Grampian deformation and regional metamorphism have been confirmed in work reported here by Kinny et al., who have obtained U-Pb ages on zircons of 461 13 Ma and 467 10 Ma from the migmatite complexes of Sutherland, previously considered to be of Precambrian age. These ages compare well with a concordant monazite age of 455 3 Ma from the Ardgour Gneiss (Aftalion & van Breemen 1980) , and 455 Ma for the timing of possible lead loss from zircons from the same body (Friend et al. 1997) .
'Basement rocks' and Grampian Group of the Central Highlands
Considerable progress has been made over the past few years by geologists of the British Geological Survey in elucidating the stratigraphy and structure of the lithologically monotonous rocks which occur immediately southeast of the Great Glen Fault (Fig. 1) . In this volume Smith et al. present a synthesis of this work and conclude that there is a stratigraphical break (but no tectonic discontinuity), between the 'basement group' (Glen Banchor and Dava successions), and the younger rift-controlled Grampian Group sediments. The rocks mapped as the 'basement group' are broadly equivalent to the former Central Highland Division of Piasecki (1980) . Depositional environments are explored in more detail by Robertson & Smith (this volume) who focus on basin geometry and the recognition of onlap of the Dalradian sequence on to basement 'highs', and the control that rift basin geometry has exerted upon the subsequent fold geometry and strain distribution in the Central Highlands of Scotland.
Previous work had indicated that there is structural and metamorphic continuity between 'cover' and 'basement' in this area (Lindsay et al. 1989) , and Phillips et al. (this volume) explore this possibility in greater detail. They conclude that the same, progressive, D1-D2 structural events, accompanied by northerly-directed thrusting, affected the entire sequence from the basement rocks, through the Grampian Group, to the Appin Group. The prograde regional metamorphism reached kyanite grade, with pressures of 7-10 kbar.
In this volume, Highton et al. report an U-Pb zircon age of 840 11 Ma which is considered to date the D1 deformation in migmatized basement gneisses. Taken in conjunction with the U-Pb monazite ages of c. 800 Ma which were reported by Noble et al. (1996) from pegmatites in late D2 shear zones which cut the 'basement group', these data provide the basis for a correlation with the 800-850 Ma thermal event in the Moine rocks. Highton et al. describe slices of kyanite-and staurolite-bearing Grampian Group rocks from within the 'Grampian Shear Zone' which, according to Noble et al. developed some 800 Ma ago. This observation supports Piasecki's original contention that the Grampian Group was affected by a Precambrian metamorphism.
Dalradian Supergroup
The Dalradian stratigraphy is well established, and most workers are agreed about the overall architecture, if not the kinematics, of the Dalradian block. There is a lithological, structural, and metamorphic transition from the Grampian Group to the Appin Group (Table 1) , and no orogenic disconformity has been detected within the Supergroup, despite much searching in recent years. There has however been a problem since the turn of the century over defining the top of the unit, and Tanner Friedrich et al. 1999a) , these authors conclude that the Grampian orogeny in western Ireland was a short-lived midOrdovician event, which took place between c. 475 and 463 Ma. The new data confirm that a discontinuous magmatic arc was active at about the same time in Connemara and Scotland, with gabbro intrusion in NE Scotland dated at c. 470 Ma (Rogers et al. 1994) , and granitic intrusions of 460-470 Ma age occurring in both regions (Tanner et al. 1997) . However, all of the intrusive bodies and mineral assemblages that have been dated in Connemara are either synchronous with, or post-date, the D2 deformation, and the timing of the earliest events there remains enigmatic.
Finally, Soper et al. (1999) present a synthesis of the data from Scotland and western Ireland from which they conclude that the entire Dalradian succession, including the Grampian Group, has behaved as a stratigraphical and structural entity and was only affected by the Grampian event about 470 Ma ago. They infer that the Grampian orogeny was a very short-lived Taconic-type arc accretion event.
Some conclusions
(1) Detrital zircons from the Moine, and inherited zircons from granitic intrusions in the Dalradian block (Pidgeon & Compston 1992) , show broadly the same Mesoproterozoic U-Pb provenance ages (1100-1800 Ma), and little or no Archaean input. These detrital ages support the thesis of Bluck et al. (1998) that the Hebridean foreland sequence in NW Scotland (Fig. 1) is exotic to the Caledonides. The older ages (1700-1800 Ma) are comparable with those reported from the Rhinns Complex (Fitches et al. 1996 , and references therein).
(2) Both the Moine and Dalradian Supergroups were deposited after the Grenvillian (1000-1100 Ma) orogeny.
(3) The reality of an 800-850 Ma event in the Moine and 'basement group' is now fully established, but its significance is still being debated. The current balance of evidence appears to favour the interpretation that a Knoydartian, contractional, orogenic event took place at this time in the Moine, and also affected the 'basement group' of the Central Highlands.
(4) It could be concluded from the new work reported here from the Central Highlands, together with the lack of evidence from anywhere in the Dalradian outcrop of a tectonic break separating the Grampian and Appin groups, is that the lower half of the Dalradian Supergroup has also been affected by the 800-850 Ma thermal event.
(5) Both the Moine and Dalradian Supergroups were deformed and metamorphosed during an Ordovician (Grampian) orogenic event.
(6) Many lines of evidence indicate that the upper part of the Dalradian succession ranges in age from late Proterozoic (<650 Ma) to Cambrian (509-519 Ma) in age, and has only been affected by the Ordovician (Grampian) orogenic event.
(7) The major dilemma that remains is that there is at present no evidence upon which to draw an actual dividing line between two Dalradian domains: one possibly affected by both Neoproterozoic (800-850 Ma) and Grampian orogenic events, and the other only by the Grampian event.
(8) The difficulties in resolving the stratigraphical and structural problems in the Caledonides appear to have arisen from the interaction between two orogenic events without a clear cover-basement relationship being preserved between the two groups of rocks in Scotland.
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